Employing a linear least square model and time series data from 1980 to 2009, this paper studies the determinants of Banking Sector liquidity in Nigeria and assesses the extent to which the recent financial crises affected liquidity in deposit money banks in the country. The paper makes some interesting findings. First, we find that only liquidity ratio, monetary policy rate and lagged loan-to-deposit ratio are significant for predicting Banking Sector liquidity. Secondly, we find that a decrease in monetary policy rates, liquidity ratios, volatility of output in relation to trend output, and the demand for cash, leads to an increase in current loan-to-deposit ratios; while a decrease in currency in circulation in proportion to Banking Sector deposits; and lagged loan-to-deposit ratios leads to a decline in current loan-to-deposit ratios.
Introduction
A key activity of the Central Bank of Nigeria (CBN) is liquidity management. According to the CBN Act of 1958 and its subsequent amendments, the CBN is responsible for implementing restrictive or expansionary monetary policies in order to achieve price stability, influence interest rates, manage the growth in credit to the domestic economy and maintain the international value of the local currency. It manages Banking Sector liquidity by supplying or withdrawing liquidity from the Banking Sector which it deems to be consistent with a desired level of short-term interest rates or reserve money. It relies on the daily assessment of the liquidity conditions in the banking system, so as to determine its liquidity needs and thus, the volume of liquidity to inject or withdraw from the economy. (See Ibeabuchi 2007) .
To this end, the Banking Sector plays an important role in the Nigerian economy. According to Soludo (2009:23) , Nigerian banks account for over 90 percent of financial system assets and dominate the stock market. As a result, a well funded Banking Sector is essential in order to maintain financial system stability and confidence in the economy.
A significant body of literature exists on the determinants of banking liquidity; some of these include studies by Agénor et al (2004) , Aspachs et al (2005) , and Winston (2009) . Previous studies reflect efforts to explain the variation in Banking Sector liquidity over different periods. The relationship between Banking Sector liquidity and Banking Sector prudential regulations in Nigeria, however, has largely been ignored. The only relevant study identified is that by Uremadu (2009) which uses several money market variables in modelling a liquidity demand function for the Nigerian economy. The estimated model is however not very robust as it explains less than 30 percent of the variation in Banking Sector liquidity over a 25-year period. In addition, it appears that only one of the explanatory variables has a significant effect on the dependent variable while the estimation period falls short of the banking crisis that began in 2007, as such, it does not assess the impact of financial crisis on Banking Sector liquidity. Further, Uremadu (2009) specified a demand function for Banking Sector liquidity using Banking Sector liquid assets as a proportion of deposit liabilities held within the sector, however, given that bank loans are the largest components of deposit money banks' asset portfolios and are funded by a combination of shareholders' funds and deposit liabilities, the total loan-to-total deposit ratio is a better measure of Banking Sector liquidity compared to the current assets to deposit liability ratio. banks remain relatively fragile and incapable of withstanding periodic liquidity shocks. According to Alford (2010: 6) "Following the special examination and during the period from December 2008 to December 2009, Nigerian banks wrote off loans equivalent to 66% of their total capital; most of these write offs occurred in the eight banks receiving loans from the CBN". Most of the banks also suffered panic runs and flights to safety during the period. This study will therefore attempt to rectify the gap in economic literature by 1) tracing the development of Nigerian banking liquidity regulations and its impact on the economy 2) identifying the key determinants of banking liquidity in Nigeria, and 3) assessing the relationship between determinants of Banking liquidity and financial frictions within the economy.
The remainder of the paper is organised as follows. Section 2 undertakes an overview of Nigerian Banking liquidity regulations up to the end of 2009. Section 3 contains a review of some related theoretical and empirical literature. Section 4 deals with a description of data sources, model specification, methodology and hypotheses. Section 5 covers the analyses of available data, extension of the specified model into dynamic forecasts and interpretation of the results. Section 6 provides a synopsis of the study, policy recommendations and outlines possible areas of future research.
Trends in Nigerian Banking Sector Liquidity Regulation
Banking was introduced into Nigeria in 1892 with the establishment of the African Banking Corporation which was subsequently acquired by the Bank of British West Africa in 1894; however, the banking system remained rudimentary with economic activities carried out either by barter or use of commodity money. (Note 1). According to Adekanye (1986:21) "There was no monetary system in Nigeria before 1912 when the West African Currency Board (WACB) was established". He added that "The West African Currency Board introduced the West African Pound to replace the variety of circulating media of exchange in these territories." WACB was however only established to issue West African Pounds and to ensure convertibility of the West African Pounds into English Pounds. It therefore could not control the demand for or supply of money. In 1917, Barclays Bank DCO was established. These two banks had a virtual monopoly on banking business up until the end of the Second World War. (Note 2).
After the end of the Second World War, there was an indigenous banking boom with 185 so called 'mushroom banks' registered between 1947 and 1952, although most did not actually commence operations. Most of the banks that did start operating collapsed within a few years due to a combination of mismanagement, insider lending and inadequate capitalisation. Only four of the banks set up by local investors during the colonial period survived until independence in 1960, all with the aid of substantial financial support from the regional governments, whose explicit policy was to support the efforts of indigenous banks to finance local businesses. These banks were also used to finance political activity and to channel loans to party supporters as well as the banks' directors. The introduction of the 1952 Banking Ordinance which for the first time in Nigeria imposed entry conditions for banks such as minimum capital requirements, and the loss of public confidence induced by the failure of local banks, brought the indigenous banking boom to an end by the mid 1950s (Nwankwo 1980: 45-53) . For the first time, indigenous banks were required to have a minimum paid-up capital of £12,500 while foreign banks were required to have a minimum paid-up capital of £100,000. Banks were also required to maintain a reserve into which a minimum of 20 percent of their annual profits had to be paid. The 1952 Banking Ordinance was however ineffective in managing banking liquidity. (Note 3) Ajayi and Ojo (1981:23) identified several defects of the 1952 Banking Ordinance. It did not make any provision for assisting banks in need as there was no Central Bank to act as 'lender of last resort'; banks kept cash idle as there were limited investment avenues and also to maintain the required level of liquidity. The Banking Ordinance of 1958 was subsequently enacted, establishing the Central Bank of Nigeria. The 1958 Banking Ordinance raised the minimum statutory reserve from 20 percent to 25 percent of annual profits; maximum lending to any one borrower was limited to 20 percent of the sum of paid-up capital and statutory reserves; and specified a list of acceptable liquid assets. The 1958 Banking Ordinance was amended in 1962; the amendment raised the minimum paid-up capital of indigenous banks from £12,500 to £250,000 while foreign banks were required to maintain a minimum of £250,000 worth of assets in Nigeria.
The 1958 Banking Ordinance and its 1962 amendment were repealed in 1969 and replaced by the Banking Act of 1969. The Banking Act of 1969 empowered the CBN to stipulate minimum holding by banks of cash reserves, specified liquid assets, special deposits and stabilization securities. The maximum lending to a single borrower was also increased from 20 percent to 33.3 percent of the sum of paid-up capital and statutory reserves. An IMF-supported Structural Adjustment Programme (SAP) was introduced in 1986 in order to encourage competition and market-led resource allocation. NCEMA (2003:7) explained that SAP "emphasized reliance on market forces and the private sector in dealing with the fundamental problems of the economy." The package of financial reforms introduced during this period led directly to an increase in deposit money banks from 40, pre-1986 40, pre- , to 120 in 1992 40, pre- . In 1990 , entry into the Nigerian Banking Sector was further liberalized as foreign banks were allowed to open offices in the country. CBN Decree 24 and the Banks and Other Financial Institutions Decree 25 both of 1991, which repealed the Banking Decree 1969 and all its amendments, were, thereafter, enacted to strengthen and extend the powers of CBN to cover new institutions in order to enhance the effectiveness of monetary policy, regulation and supervision of banks as well as non-banking financial institutions. By 1998, however, the number of deposit money banks in operation had whittled down to 89 with the monetary authorities liquidating 30 terminally distressed deposit money banks.
By end of March 2004, although there were still 89 deposit money banks in Nigeria, 14 were assessed as being only marginally sound, 11 unsound and 2 not rendering any returns to the monetary authorities during the period. According to Soludo (2004:3) , the problems with the unsound deposit money banks included persistent illiquidity, poor asset quality, weak corporate governance and gross insider abuses. The minimum capital requirement at the time was US$7.53 million for existing banks and US$15.06 million for new banks with most Nigerian banks having a capitalization of less than US$10 million. The weak capital base of some of the ailing banks was evidenced by their overdrawn accounts with the Central Bank of Nigeria and high incidence of non-performing loans. Agénor et al (2004) analyze factors underlying the fall in credit in East Asia by specifying a model of excess liquidity reserves. They defined excess liquidity 'Z' as the difference between total reserves 'R' and the product of the reserve rate and total deposit liability. They calculated the volatilities of currency to deposit ratio and manufacturing output to trend component ratio, as the standard deviation of the specified variable divided by the average of it for three leads and lags, centered on the current period. According to Agénor et al (2004) , an excess liquidity demand function where banks' holding of excess liquidity over and above liquidity requirements was a function of the excess reserves to deposits lagged by one year; the rate of required reserves to deposits, the volatility of the ratio of cash to deposits; the volatility of the ratio of output to trend output, the ratio of output to trend output; and the penalty rate proxied by either the discount rate or the money market rate.
Earlier Literature

Empirical Studies
Using patterns of excess liquidity in sub-Saharan Africa, Saxegaard (2006) extended Agénor et al's (2004) model by proposing a framework for how a decomposition of excess liquidity can be achieved. Saxegaard (2006) adjusted Agénor et al's (2004) model by using the five-year moving averages of the standard deviation of the output gap and the cash to deposit ratio, respectively. Additional explanatory variables were also added to Agénor et al (2004) model, including ratio of demand to savings deposits; private sector and government deposits, expressed as a fraction of GDP; the ratio of private sector credit to GDP; the ratio of bank credit to the central government and public enterprises to GDP; the ratio of securitized domestic debt to GDP; the ratios of aid inflows and oil exports to GDP; the quarterly percentage change in the oil-price. Aspachs et al (2004) use both micro (likelihood of obtaining lender of last resort support in case of a liquidity shortage; interest margin; profit; loan growth; Tobin's Q; and size) and macro (GDP growth and short-term interest rates) explanatory variables to analyze the determinants of UK banks' liquidity policy and investigate how the Bank of England lender of last resort policy affects banks' liquidity buffers.
Theoretical Background
Moore (2009:9) explained that "a bank needs to hold liquid assets to meet the cash requirements of its customers … if the institution does not have the resources to satisfy its customers' demand, then it either has to borrow on the inter-bank market or the central bank". It follows therefore that a bank unable to meet its customers' demands leaves itself exposed to a run and more importantly, a systemic lack of confidence in the banking system. Bordo et al (2001) , suggest two explanations on the cause of liquidity runs on deposit money banks. They explained that runs on banks are a function of mob psychology or panic, such that if there is an expectation of financial crisis and people take panic actions in anticipation of the crisis, the financial crisis becomes inevitable. Bordo et al (2001:58) also "asserts that crises are an intrinsic part of the business cycle and result from shocks to economic fundamentals. When the economy goes into a recession or depression, asset returns are expected to fall. Borrowers will have difficulty repaying loans and depositors, anticipating an increase in defaults or non-performing loans, will try to protect their wealth by withdrawing bank deposits. Banks are caught between the illiquidity of their assets (loans) and the liquidity of their liabilities (deposits) and may become insolvent."
Using a single bank, Diamond and Dybvig (1983) , developed a model which showed that bank deposit contracts can provide allocations superior to those of interbank markets, offering an explanation of how banks subject to runs can attract deposits. Brighi (2002) however show that abandoning the hypothesis of a single bank increases the relevance of the interbank market. Further, the probability of a banking crisis at a single bank decreases when interbank transactions are introduced -relative to a stand-alone bank. Indeed, Diamond and Dybvig (1983:416) acknowledge that "if many banks were introduced into the model, then there would be a role for liquidity risk-sharing among banks". According to Brighi (2002) , in a theoretical framework where liquidity crises are not only caused by bank runs, and where there is uncertainty about the proportion of depositors who may want to withdraw deposits, doing away with the assumption of an autarchic banking system decreases the risk of bank failure as a single bank on its own would be unable to meet depositors' demands.
To manage their liquidity risk and take decisions on how much cash and other liquid assets they should hold, Agénor et al (2004:30) hypothesize that "banks internalize the fact that they can draw funds from either the interbank market or the central bank in case of unexpected contingencies." They added that in the event of illiquidity, banks must borrow the missing reserves at a penalty rate; this is the opportunity cost of not holding sufficient reserves.
Data
Hypotheses
Hypothesis 1: A decrease in the monetary policy rate leads to a rise in the loan to deposit ratio as demand for loans are expected to rise as borrowing cost falls.
Hypothesis 2: A decrease in the liquid assets ratio results in a rise in the loan to deposit ratio as deposit money banks divert their liquid assets into more profitable liabilities.
Hypothesis 3: An increase in output volatility and positive changes in the demand for cash causes deposit money banks to call in loans as they accumulate cash in readiness for uncertain customer demand for cash withdrawals. This also implies that increases in output volatilities, positive changes in demand for cash and liquidity ratios leads to a decline in loan-to-deposit ratios.
Model Specification
Based on theoretical considerations, the estimated liquidity demand model is given by the following autoregressive linear least squares specification.
ln (LD) t = a 1 ln (LD) t-1 + a 2 ln (LQ) t + a 3 CV [ln (C/D)] t + a 4 CV [ln (Y/Y T )] t + a 5 [ln (Y/Y T )] t + a 6 r + ε (1)
Where ε is the stochastic error term which is introduced into the model to capture all other variations in the dependent variable not captured by the explanatory variables. ln (LD) t the dependent variable, is the natural log of the ratio of total loan to total Banking Sector deposits; ln (LD) t-1 is the natural log of the ratio of total loan to total Banking Sector deposits lagged one year; ln (LQ) t is the natural log of the ratio of total specified liquid assets to total current liabilities; CV [ln (C/D)] t is the volatility of the natural log of the ratio of currency in circulation to total Banking Sector deposits; CV [ln (Y/Y T )] t is the volatility of the natural log of output to trend output; ln (Y/Y T ) t is proxy for changes in the demand for cash for manufacturing and transactional purposes and 'r' is the monetary policy rate which acts as the nominal anchor for other rates and also determines the lower and upper band of the CBN standing facility. The coefficient of variation for the log of currency to deposit ratio, CV [ln(C/D)], is equal to the standard deviation of the specified variable divided by the average of it for 3 leads and lags, centred on the current period. The log of manufacturing output to trend component ratio, CV [ln(Y/Y T )] is equal to the standard deviation of the specified variable divided by the average of it for 3 leads and lags, centred on the current period. All computations were performed using the ordinary least squares regression technique and the Stata version 9.2 integrated data analysis and statistical package.
Econometric Analyses and Results
Estimation Results
All data within our 30-year scope period were checked, one variable at a time. Table 3 describes how well our model fits the set of observations. Altogether, the model explains over 67 percent of the variation in Banking Sector liquidity over the 30-year estimation period. The adjusted R-squared (58 percent) and root MSE (0.10) indicates "a good" fit of the model for the provided data. Results of both the Breusch-Godfrey serial correlation Lagrange multiplier test and Durbin-Watson alternative test of autocorrelation in Table 2 confirms the assumption of no serial dependence within the time series data as null hypotheses are not rejected because p>0.05. Table 1 presents a summary of the long-run determinants of Banking Sector liquidity, including the sum of the coefficients, their associated standard errors and tests of unit root for each estimated coefficient within the model.
Determinants of Banking Sector Liquidity
Signs displayed by the coefficients are generally consistent with a prior expectations. For example, a fall in liquidity ratio or monetary policy rate should lead to a rise in the loan-to-deposit ratio. The relationship between loan-to-deposit ratio and changes in output is ambiguous. In answer to the question "Do bank loans have effects on output", Driscoll (2003:1) states that "answering the related question involves similar difficulties. Since the demand for loans presumably depends on the level of output, there is simultaneous equations bias in running a regression of output on the quantity of loans. There is also a reverse causality problem". He found that banking loans have small, often negative and insignificant effects on output.
Regression results from Table 1 indicate that only three regressors are significant for predicting Banking Sector liquidity. Specifically, loan-to-deposit ratio lagged one year, liquidity ratio, and the monetary policy rate as p=0.002<0.05 in each case.
Impact of Banking Crisis on Banking Sector Liquidity
The 
Where a 'ˆ' is the estimated values of the explanatory variables.
The gap between actual loan-to-deposit ratios and forecasted loan-to-deposit values are then assessed to determine whether changes in Banking Sector liquidity during the financial crisis period 2007 to 2009 are above or below the general long term trend. According to Moore (2009:14) "If the actual loan-to-deposit ratio is above the predicted value this would suggest that commercial banks are less liquid than is consistent with fundamentals, while if the actual ratio is below the predicted value commercial banks are more liquid than what is consistent with economic fundamentals."
As shown in Figure 1 , the actual loan-to-deposit ratio prior to the start of the financial crises in 2007 was below the predicted loan-to-deposit ratio. This is consistent with the fact that Nigerian deposit money banks during that period were significantly well capitalized due to the mandatory re-capitalization of Nigerian deposit money banks that was completed in December 2005. However, this position was reversed as the financial crises, which began late in 2007, worsened in 2008 with the predicted loan-to-deposit ratio becoming significantly lower than the actual loan-to-deposit ratio. The implication was that excess liquidity within the Nigerian Banking Sector was quickly eroded as deposit money banks wrote off unpaid loans and also had to meet unanticipated large cash withdrawals. Through a combination of measures including quantitative easing to bridge the liquidity gap and redemption of promissory notes issued by the monetary authorities etc, to the banking sector, the financial crisis began to abate in 2009, evidenced by a narrowing in the gap between predicted and actual loan-to-deposit ratios.
Summary and Conclusion
This paper sought to trace the development and impact of Nigerian banking liquidity regulations; identify key determinants of Banking Sector liquidity in Nigeria; and assess the extent to which financial crisis affects Banking Sector liquidity regulations at deposit money banks. A liquidity demand model was specified, taking into account lagged ratio of total loan to total Banking Sector deposits; ratio of total specified liquid assets to total current liabilities; volatility of the ratio of currency in circulation to total Banking Sector deposits; and volatility of output to trend output. The estimated model was subsequently applied to explanatory variables of the financial crisis period between 2007 and 2009 to generate loan-to-deposit ratio projections with a view to determining whether actual Banking Sector liquidity during the financial crisis period was consistent with predicted Banking Sector liquidity.
The results suggest that during non-financial crisis periods, deposit money banks either hold excess liquidity or hold liquidity consistent with policy benchmarks. However, during financial crises periods, deposit money banks are significantly illiquidity relative to benchmarks, therefore, significantly increasing their vulnerability to distress.
The outcome of this paper is important for several reasons. First, getting liquidity monetary policies right is crucial in ensuring the survival of deposit money banks. Secondly, lagged loan-to-deposit ratio, liquidity ratio, and the monetary policy rate are key monetary policy instruments for determining the extent of Nigerian Banking Sector liquidity. Thus, in order to improve Banking Sector liquidity for example, the monetary authorities would have to reduce monetary policy rates and liquidity ratios. Changes made to prior year loan-to-deposit ratios also have a direct and positive impact on current loan-to-deposit ratios as both variables move in the same direction.
This study leaves open the possibility of future extensions. First, the study has relied exclusively on annual data; use of higher frequency data would however improve the accuracy of results in terms of the specific timing between actual and benchmark Banking Sector liquidity gaps. (March 1, 2011) .
Notes
Note 1. According to the Central Bank of Nigeria, the Cowry has, for centuries, served Nigerians as an important form of currency. In 1860 the following system was in use: 40 Cowries formed a "String"; 50 Strings made a "head" and 10 heads comprised a "bag". In 1865, one bag of 20,000 shells was exchanged for one or two English Pounds. Loan-to-Deposit Ratio (Actual)
